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ANALYTIC RESEARCH INTO THROTTLING CONTROL METHODS OF LIQUID-COOLED ROTARY SCREW AIR COMPRESSORS 
TO THE PURPORT OF MINIMIZING 1HE ENERGY COSTs' 
Mauri Airila, Tech.Lic., Development Manager 
Dy Hydor Ab, Korso, SF-01~50 Vantaa 45,Finland 
ABSTRACT 
Capacity control by throttling of a liquid-
cooled screw compressor, running at con-
stant speed and producing compressed air, 
is an inferior method when the energy-
economic point of view is taken into con-
sideration. Manufacturers have tried to 
develop various kinds of control combina-
tions tended to improve the energy economy. 
To a certain degree this has been success-
ful, but incomplete knowledge about an 
optimum, theoretic control combination has 
been in the way of a really ideal control. 
A linear, mathematical model for an ideal 
screw compressor has been developed. The 
model shows the dependence of the power 
consumotion of the compressor on the 
pressure and on the air output. By the aid 
of the model the energy consumption of the 
compressor is analyzed in two basic ways of 
control; by the modulating control and by 
the on/off line control, to which the re-
duction of counter-pressure by idling is 
combined. As a final conclusion from the 
analysis the criteria are obtained, on the 
basis of which an energy-economically cor-
rect control method can be chosen when the 
consumption of compressed air is known. 
It is found that between the modulating 
control and the on/off line control there 
is a certain consumption limit, and when 
the consumption not reaching this limit, 
the on/off line control, on certain pre-
sumptions, is more advantageous than the 
modulating control. A further presumption 
for the on/off line control to be advanta-
geous is that the pressure difference 
ranges between suitable limits. These 
limits can be determined by the aid of the 
model. The limits can most substantially 
be influenced by varying the volume of the 
compress~d air network. In the on/off line 
control tl1e optimum pressure difference de-
pends b lh on the volume of the network and 
on the extent of consumption, and it can be 
definitely determined when the aforesaid 
parameters are known. The larger the volume 
of the compressed air network, the greater 
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the savings reached by the on/orf line con-
trol in comparison with the modulating con-
trol and the more freely the pressure dif-
ference can be chosen. 
The model is adaptable with great accuracy 
also to a real screw compressor. The neces-
sary amendments can be made on the numeric 
values of the parameters of the model, when 
the inferences concerning the model remain 
valid. On the basis of the inferences a 
computer program can be made out, which 
identifies the correct control type for all 
performance situations of the compressor. 
INTRODUCTION 
The investigation aimed to find out, by 
means of a simple model, how the throttling 
control of a screw compressor ought to be 
carried out energy-economically. The con-
trol systems available on the market have 
been designed "by the rule of thumb", 
without any exact criteria of, which is the 
control mode worth using in different load-
ing situations. The investigation endeav-
ours to give the basic philosophy for 
realizing the optimum control system. 
MATHEMATICAL MODEL 
The aim was to choose, to be used as a base 
for the analyses, a model, which would be 
linear in the relations to the most impor-
tant variables, however, despite this, 
reasonably accurate. The final choice was 
a model of compressed air system where,in 
addition to the compressor, there are two 
compressed air receivers (Fig.1). 
The receiver No.2 represents the joint 
volume of an eventual storing receiver and 
the compressed air network. The receiver 
No.1 represents the reclaimer of the com-
pressor, where at the same time oil is 
separated from the air. The air pipe 
between the receivers is provided with a 
non-return valve which allows that the 
pressure in the receiver No.1 can be lower 
than that of the network. When the com-
pressor runs idle, the pressure of the re-
ceiver No.1 is released to the level Pt· 
The dependence of the compressor power need 
on the output rate x and on the compression 
ratio E can be derived from the simple 
isentropic-isobaric cycle [Fig.2). 




0 0 y-- 1 + 
p if -1-o 
t. 
( 1 ) 
which can be put into the following form: 
[2) 
In the coordinates P-x-p 1 
the diagram of 
the equation is a plane (Fig.3), which goes 
through the origin. 
In the Figs. 4 and 5 the results given by 
the model at the pressure ratio 8 and ~ 
value 1.4 have been compared with the 
general measuring results. Van Ormer in 
the references [1] and {2) states that 
during the idle run at counter-pressure of 
the network power need of the compressor 
makes around 65-70 per cent of the maximum 
power. The dependency of the power need 
during idling on the pressure of the re-
ceiver No.1 has been estimated from the 
values given by different manufacturers. 
It can be seen that the model follows the 
real values partly even well. 
The accuracy of the model can be improved 
by presenting it in a more general linear 
form: 
P ~ a·x + b·p 1 + c 
( 3) 
ANALYSIS OF THE CONTROLLING PROCESS 
The analysis is carried out on the basis of 
the diagrams on pressure - time and power 
need - time as per Figs. 6 and 7. 
By applying the presented power need equa-
tion to the reasoning from the Fig.7,energy 
consumed during one sequence with th8 
modulating control l- E2 J and
 with the on/ 
off line control (- E1 ) can
 be calculated. 
As their difference, the energy saving 
tJ,. E = E2-E 1 is o
btained. By examining the 
prefix of AE, those c:onsumption degree 
and parameter regions are found where either 
control mode is superior to the other. By 
still finding out the maximum value for the 
expression 1J,. E/E 2 as a fun
ction of ·time the 
optimum length for the sequence of the on/ 
off line control can be searched out. By 
the help of the period length and the con-
sumption rate the optimum pressure differ-
ence can be calculated. 
By separate analyses and by letting x vary 
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between 1 ..,. y, it can be found out that 
x = 1 and x = y are the only control 
methods that are energy-economically 
'feasible. In other words: the on/off line 
control and the modulating control are the 
only real alternatives. 
The analyses were carried out also from the 
starting point that the initial pressure 
of the sequence is higher than the admissi-
ble minimum pressure p . m 
RESULTS 
As a result of the analysis, unique values, 
although in the form of laborious equations, 
were obtained for the consumption rate 
ylim' which separates the modulating con-
trol and the on/off line control from each 
other. Fig.B shows the results that were 
calculated using certain values of para-
meters v2;v1 and Pt• With the y values 
existing above the curves only the modulat-
ing control is feasible. With other values 
the on/off line control is more profitable, 
provided that the pressure difference is 
chosen for the suitable region. 
In Fig.9 there are values of the optimum 
pressure difference calculated at pressure 
Pt ~ 400 kPa when the parameter v2;v 1 
varies. In the figure also that pressure 
difference region is outlined where the on/ 
off line control is more profitable than 
the modulating control. On this level the 
limit curve of the difference region there-
fore separates the modulating control and 
the on/off line control regions from each 
other. 
Fig.10 is demonstrative of 'the importance 
of parameters v2;v1 in the on/off line con-
trol from the enersy-economical point of 
view. The curves present with the pt 
values of 400 kPa what percentage of the 
relative difference in energy consumption 
between the on/off line control and the 
modulating control is lost, if the para-
meter V2/v 1 is decrease
d from the compari-
son point v2;v1 ~ 100. It can be seen that 
the losses grow strongly when the said 
parameter diminishes. 
Fig.11 tells what the relative energy con-
sumption differences are like, if, instead 
of the optimum pressure difference, in the 
on/off line control only a fixed difference 
in ·the whole region of o S y S 1 is used. 
According to the example case cv 2;v 1 = 10 
and Pt = 400 kPa) the differences are found 
quite small just in the region where the 
on/off line control on the whole is worth 
using. 
Equivalent conclusions in a more complicated form were obtained also from the analyses where the initial pressure was higher than 
Pm· 
As a final result a control logic scheme 
could be outlined. 
Detailed analyses and annexes can be found in the literature reference [3], which 
will be published at the end of 1980. 
CONCLUSIONS 
The analysis made using the linear model tells that 
1. Energy-economically it is worth while 
running the screw compressor only with the modulating control or with the 
on/off line control. 
2. The on/off line control is more profit-able, if the consumption rate is suffi-
ciently low and if the pressure differ-
ence region is suitable. The limits to the consumption region and the differ-
ence region can be exactly determined, 
when the consumption rate and the para-
meters of the system are known. 
3. Inthe on/off line control there is an 
optimum pressure difference depending on the consumption rate and parameters. By choosing the -constant difference 
properly, the energy consumption differ-ence compared with the optimum ~iffer­
ence situation remains quite small. 
4. The compressed air network volume has an essential influence on the energy con-
sumption of the on/off line control, as well as on the saving reached with the 
on/off line control in a favourable case in comparison with the modulating control. 
5. It is possible to make out a logic 
scheme. which in each operating situ~ion states the most profitable control 
method. The choosing steps that are the base of the scheme can be adapted to a measuring and calculating unit that 
takes care of the choice and execution 





compression ratio ~ compression 
chamber volu~e ratio in the begin-
ning and at the end of compression 
reclaimer pressure 
minimum network pressure 
reclaimer pressure during idling 
[on/off line control) 
reclaimer volume 
network volume 
output rate ~ output as fraction 
of maximum capacity 
consumption rate ~ consumption as 
fraction of maximum capacity 
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Fig.1: Model of screw compressor system 
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Fig.2: The isobaric-isentropic cycle 
of a screw compressor 











1 . 4) 
Capacity, % 
20 40 60 80 100 X 
Fig.4: Dependence of power need on capacity when 
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Fig.6: Network pressure in different 
ways of control. 
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Fig.7: Power need in various control 
methods 
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Fig.10: Loss of the savings to be reached by 
on/off line control when the ratio 
v
2
;v1 goes down from 100. 
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With A p, y values existing to the left of 
the curves the on/off line control is more 
profitable than the modulating control. 
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the use of cons~ant difference, compared 
with the use of optimum difference. 
